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Post-Bight inspection of the Air Ferr' e/ tekheed .‘:ﬁ-“’i containg 650 ems. i takas five speciaiists abnut & br. 1o inspect the aircraly,

Aeronautical Engineering

Beale AFB, Calif. -Extreme up yating
siruciure,
%e{ SOAw
Force/Lockheed SR-71 strategic rocons
naissance abreraft impose 2 heavy mainte-
nance burden on the units responsible for

eavironment and 1he un: c, B
propulsion and subsystems of

keeping SE-T1s fiving

Fiest Strategic Reconnaissance Sgdn. of
the 9th Strarepic Recunnaissance Wi ing i
fhe only operationzl Stratepic Air Com-
. Mainte-
aireraft 15 provided by the
St SRW. which also supports the Lock-
Reed U-2, Northrop T-38 a2nd Bocing
KC-135 atrcraft operated by other units of

mand unii to onerate the SR-T1
nance for the

the wing.

Special Demands

The unigue operational, strectural and
{sze . 40}
impose special demands on the wing's
are not
typical for other sircraft operated by the
wing. In addition, the age of the atrcraft is
Lausing growing concerns ahout the avail-

propulsion aspects of the SR-71

maintenance organization that

ability of spares and vendors,

These concerns are oifser 1o some extent
by improvemeots in systems relfabiity
with maturity, and by steady epdates in
the SR-71% h}sILm‘) with newer and pen-

erally mure reliable comiponents.

The unigue aspects of SR-71 mainte-

nance inglide several arens:

® Structires—Inwense heating of the
skin ar its Mach 3-plus cruise
spreds  imposes uncommon therma

: CIA-RDP90B00170R000100050010-8

airgraft's

Avchmrbio. s
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stresses an the u'mm ,i u"i
struciiyre com -2
titanium ang : u_!mpmne:a 'u w) e with
this. Freguent c:\tte;n;ve inspec:?iasix:« ars
necessary because of
3erceq"}v"a:"ﬂif‘ siresse.s

my;d.

# Propulstva—Pratt & Whin {
bleed- b}pm turbojet engines have ii‘(_‘&_ldi
If:amrm suclh s RUtmALC engine trim-

ming. varialde position inje ;mxd; vanes,
high flash point fucl and 2 chemical igai-
tion system that denmand an experience
level beyond that of moest muainienznce
persoanel. In addition, engine peclirm-
ance is highly depeadent on the satisf
ry operation of a complex air inlet pad
exhatst system that i pot licked to the
engine physicaliv. At cruise spevds, the
infets and exhaust nozzies generare almost
S0% of the atreraft’s thrust.

Systems — Fuel, ol ard hvdraulios are
all non-standard aad requice special heat-
resistant characteristics not narmally
found in subsysiems of this ype - Snecial
ground support egquipment s ﬂt&,L.‘;h.;?} o
handle thesc liguids.

An on-board nitro-
gen-inerting system is nevessary 10 redpce
fire and explosion risks in fust tunks.
hydroulic lines and batery compart-
ments,

® Mission payloads — Reconnaissance
systems carried in the SR-71 are remnoved
and replaced for each mission. Five differ-

LNt nose configuralions are used to accom-

modale various payicads, and the noee
secyon from the frant frewall of the fos
woard cockrit is considered part of ihe
mission rather tmn the sicirame pack-
age.

Muaintenance reguirements for the
SR-71 are esttmated t be it the hundreds
of maratenance man-hours per Right hour
because of thess and other factors, com-
paved with something in the wicinity of
30-30 maintemanae man-hous per Hipht
fusur for airraft such as the wing's Bouing

KO-13% tankers.
Stringent Criteria

fnspection criteriy for “e: SR-T1 are the
mest stringent of any aiccraft in the Air
Foroe .jm.nm‘"\ HANICNanee supervisors
bolieve. Maumonance pu‘vhight inspeg-
ton on the KO-138 consisis of seven
checkhist items, fiw ' 'q%d, hiiz the SR.73
past-flight checklist carsies zbout 850
items. Earlier, z}‘xci it covered about §75
separate items, but exp m.nce: and im-
provements have helped eliminate some of
those.

struciur-
i328% me‘t {\ hr. i :ns..g'ees.t an
frer each fight, including an
ety tifamum aad plastc
3 he 1op of the wings. Two
propulsion specialists alio spend severa!
fowrs after cach flight examining inlets,
exboust noezies and the engines them-
selves,

In addition 1o these, more wvtensive
nspections and maintenance actions are
conducied avery 23 by, of mgin time, anod
major inspe zi' ns ond repairs are executed
cvery [O0 and 200 by

The 100-br. inspections normally take
arcund 1 working davs of 16 hr. each ana
are basically siruictures-oricnted. Ths
ingiudes the engine inlets, whick are part
of the airfeame ratiier than the engines,
Any pending field-level modifications to

spECsn
7
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_____ Pl
Engmes are no rormally given Reavy
treatment during this cycle, although the
last several SR-71s (o pass throuph the
inspection hangar for thewr 100-hr, check
have hed both cngines removed for
replacement.

Narmelly, the engines are removed and
inspected only during the 200-hr. check,
which is programed to take about 3
working days but normuaily takes closer to
one month, according 19 wing mainte-
namee personnel here. Tvery component in
the awrcralt--insindiag the engines - is
disassembled, inspecied and may be
replaced during the 200-he. check.

This work normally s accomplished
hiere at Beate by Air Force maintenance
Crews with assistance from contractor fietd
$ervice represeatatives.

About once every three vears, the
SR-71s ure returned to Lockhecd ot Palm-
dale. Calif, for 3 compiete teardown and
overhaul, The 58 engines are returned to
Pratt & Whitney for a complete averhaul
after 641 hr. of aperation.

Structural maintenance on the SR.7]s
is complicated by thy special materials
used and because the aircrafl were essen-
tially hand-made, with very few inter-
changeable jig-Gt items. I 8 bale is seci-
denially poked in a titanium pane! on one
of the aircraft, it mayv be GECOSSATY 14

B ey

T e PO IFOM Lockheed by air-
craft number rather than repatring the
panel on site,

Extensive use of tianiom in the SR.71
structire pones its own problems. Normal
cadmiun-plated tools cannad be used on
Hranium becatse of the corrosive eifects of
cadmium on thaninm. Spevial tool kits
niust be kept for maintenance work on the
SR-71s, and newly assigned maintenance
rersonnel musi be trained to pse these
1als,

Surface Temperatures

Because surface lemnperiaures range
from 4031 200F on the SR.7TI during
high-speed Sighy, any surews or other fus-
teners removed from the aircraft are
baked in an oven before beirg pul back
W the siructure 1o prevent damage dus
lo expansion and seizure caused by in-
flight beatng,

Fi.. bladders ar

4

dower walls of its six interna; fuel cells, it

i mposzibie to keep the tanks sealed
properly because of the significant struc.
tural expansion and contraction that takes
place on each flight due 1o thermodyaamic
heating and cooling. Maintenance proce-
dures vali for resealing the tanks every 200
hr., and eves then there s 5 considerahle
ameunt of fuel Jeaksge. Large pools of

Rear tuselage of the Air Force Lovkhood 8R.71 {above) s unosually Bat when viewed
T tha roar. Al-moving vertical stabitizers are meunted on ing of ihe angine
nacelies. Free-Hogtiog traiing edge faps on the ejector norzies (righti open between
Mach 1.8 and Mach 2.4 1o provide o Civergent shroud tor propulsion system airflow
at hgh Mach nembers. Ahead of the raibng edgo Raps, fght can be sean somihg
fhrough Diow-in doore that provide adduional air w il the cletior noxrie at speads
below Mach 1.1, The sfecior nozsis providaes approximately 30% of the aircraft's

total propulsion at high Mach numbers,

106

FP-7 fucl beneath the SR-71s are cormmaon
when the aircrafi are pirked in their ing;
vidual shelters.

Additionally, the JP-7 has a tendeney o,
delaminate the plastic honeyoomb
structure of the SR-71 when it Jeaks oy ni
the Tuel tanks and inio other interna! arv
of the aircraft and s alowed ta collect tor
sustained periods.

Inlets prosent a special hardship
structural specialists maintaining ik,
SR-Tis. Because of the Hmited SpaCE, ans
siructural tepuir work in inlet due
areas --oven with the spikes removed -
often means removing the engines first
techmcians can work from the back of the
ducts. The spikes are rulled during svery
30-hr. check 5o that the infey strugtare can
be inspected.

The J38 engines powering the SR.73
Fave their gwn uniguc aspects, including
the capability 10 operate continuonsly at
maximuem afterburniog for high-aititade,
high-Mach flight. Use of sitanium com-
Presser and turbine blades contributes 1o
this susigined high-temperature operating
capability,

A biced bypass from the fourily stage
compresser bleeds zir from the COMPressor
at high Mach nezmbers o provide
tncreased compressor s1all margin, Several
ducts around the circumference of the
cagine channel the byvpass air back into

"
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the engine ahead of the alterburner, where
it s used for couling and thrust augnenta-
ton

The }5¥s use a special ol that becomes
2 near-solid at enider temperaiures. and
must be preheated o JOC (861 belore
cach flight. The oil is never discarded but
is returned 1o the manufacturer for repro-
cessing each 1ime it is drained from an
gagine.

Changing the ongines on the 5R.7I
involves raising the wings of the aireraft in
rauch the same manner naval areraft have
their wings folded upward for space saving
on aircraft carriers, Bven with the outer
wing and part of the naceile our of the
way, removing and replacing an eogine in
the SK-71 is a complex task that reguires
a punimum of five fechnicians and an
elaborate, hydrautically controlled doily,

The dolly aids the technicians i work-
ing 10 the close wlersnees and {ollowing
the circuitous ronte the engine must travel
out of and back into the naceile. Senior
maimenance iechnicians estimate that 6-9
hr. 1s reguired fo install and connect 2 J58
in the SR-T1.

i.ike the engine oil, a special Buid is also
used in the SR-7T1's hydrsulic systems,
Flaborate measures must be taken to keep
gxygen out of the Naid, because 3t the
high temperatures reached during high-
aMack fight in the SR-71, the fluid would

L ik

Front view of the SR-71A {(aboval shows the chines, which tare cutward on
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normrally ouight reach 10G-150 or
a typical high-performance fighrer, hy
drauvlic Buid wmperanerey in the 7
range 4K-650F during high-spead oroise.

To prevent buraing and varnisiiag, the
SR-71%s hydraubic fuid mast be kept pros-
surized with nitrogen - buth while i swor-
sge in barrels and when in the ateera{t’s
hwdraulic systems--to keep out ogvygen
Eiagborate aaticontamination and oxygen-
moniionng procedures are {ollowed from
the tme a 533-gal. drume of the Huid 35
recetved until it is drained from the atr-
vraft at the end of Bs usefud Hie

Realistic Trouble-Shooting

In urder to dupbcate in-flight ciroum-
stances when trouble-shooting for bydrau.
tie system malfunctions, a special kydrao-
Yic cart ceforred 10 a5 & “hot gig” s uged W
heat the uid o operating remperatursy
while the atrcrafl is on 1he ground. Main-
tenance technicians said hydraniic lesks
that normally would aot be detected on
the ground can be found using the hot gigs
hecsuse small putls of vaporized hydraulbic
fluid are emitted from lesks when the fuid
reaches high temperatures.

The high operating temperatures pose

#ach sids of the SR-71 fuselage, providing acdad it and direchonal stanity

io¢ tne alrgraf, and the plocemant of tha two Pratt & Whiiney JB8 wrbaiat
enginas in the wings. Al-moving vertical stabiiizers are canted inward 15

dayg. to mininize the rolling moment due to sidesip o vertical deflachon.

Cone-shaped infet spike in each engine nagelle (rightt moves aft 25 m. &

uring high-speed, high-altituds cruiss 10 capturs more airfiow and slow the

airfiow before i enters the engina.

N awarggze cmeeg -
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ather special considerations. Standard
D-ring seals canact be gsed in the hvdrau-
He syaem becanss of the heat, so spacial
metal rings or metalto-metal sealings
must be wsed instzad. Nop-standard §t-
tings wre wsed throughour the hedrashc
eystems for beiter sealing under the
extreme heat conditions.

Momerous sther not-standard mainte-
nance procedures are used on the SR-7L
iacluding:

® Sondard grease cannot be used for
lubrication on the alreraft because of the
aperating  nohperatores, and o silicon-
baged instrement transducer lubricont is
used instead for those fixtures reguicing
lubricalion.

& I[nsulztion i3 used oxtensively
throughout the SR-7§ 1o protect critical
systems, wiring and Suid Unes from the
heat. This insslation must be removed
when fuel jeaks develop, and replacement
iy s difboult and time-conswmang chore,
dcenrding to maintenance sSuDUIVSOrs
here,

® Silver-zine batteries used for emer-
gancy power must be removed {rom the
aireraft for recharging afrer every flighe,
The recharging grocess wakes two davs. In
the aircrafr, the batierics are sealed and
pressurized with nitrogen to reduce the
possibilities of explosion at high tempera-
tures.

® Eiectrical connectors abwavs have
been a high maintenancy ifem because of
the effects of heat and have bueen gold-
plated to reduce heat damage.

Maintenance supervisors fuive learned
how to contemut with most of these prob-
tems ovir the vears, and the prime con-
cerns curcently ceater an supply and per-
sonne! shortzges rather than unique main-
tgnance procedures. Many of the origingi
SR-T1 suppliers have either gone out of
business ur are no longer producing the
items shey once supplivd, The J5% engines
are a prome example.

As a result, the Alr Furce is
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out for many of s spares for the SR-71
through the SR-71 Advanced System Pro-
gram Chhce {ASPO) at Norton AFB,
Cabf.

This has not reselved fully the probiem
of engine spare parts shartages and the
deciining number of available vngines for
the SR-71. Several engines currcatly are
on exicnded hold in masmeznance qhnps
here because of parts shormges and one
enging revently was reinstzlled in an
SR-71 after spending mwoce than a veor in
the maintenance shop because of parts
shortages.

inspection Turnaround

Five years ago, cngines coming into the
shop for major inspections were being
turnad out in abour 1% dayc maximuom,
according 10 malnlenance SUpCrvisers,
even though mspection crileria were more
stringent then. Cuorrently, the iime re-
guited 19 turn one of the engines around
ranges from one monik o six woeks, they
szid, primarily because of spares supplies.

Oro the personnel side, the extended
training required for SR-T1 maintenance
technicians, low retention raes and Air
Foroe requirements for qualified personnel
im other areas all have combined to threat-
en the contiauity of SR-71 maintensnce
activities. Four-vear enlisiees come direci-
fy from Air Force technica) schools and
then must undergo 1824 months of zddi-
tionai training here befors they are consid-
ered qualified to work without constant
supervision. This leaves about 18
manths during which these wchnictans
can be used before they leave the service

The resublant jower experience leveis
hove contribeted 1o an incresse in the
mainienance mat-hours per SR-7Y figle
hotr, maintenance sopervisors said.

UIH\,

Retiabiiity mprovements

-

Steady | _pruve"}emq in the reliubiliny
of BR-71 systems and 2 heavy de.pc:;dem.,
oIy CoRiral Lormprm whad feld service repre-
sentarives have helped couateract many of
these problems, senior officers hore said.
On the reliability side, Tor example, the
asize pavigation system has 4 Y9% reliabil-
ity rage, they said - far above its earlier
performange record.

Civiltan field service representatives.
who generaily have been phased out of
mast gther branches of the military ser-
nave become critical 1o the SR-71
atainfenance effort.

“They have becoms extremely impar-
tant 5 us and are besoming more integral
1 our entire maistenance operation.” a
wing mamilenance officer here said.
Arcong other advantages, the field service
represeniatives ;’rruwdc the much-needad
continaity in SH-7I maintenance opora-
rions; they ore mere versagile than their
muditary counturparis; they present fewer
Derso probizms, and are less
"R]\Cnu,ﬁ than milliary maintonance spe-
vizlists in the lung run, accerding to Yih
SRW officers. O
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an important notice
to our subscribers,

5 1o V{L(erv Hil i publica-
and mailng addres:x

2 {o carefully screene

s products ot services

These companies enter into an agree-
ment that permits them to mail infor-

mation to you without placing you

under any obligation,

We have always considered such di-
rect marketing activities to be legiti-
mate and important in the Amenran
systern of free trade —and we're confi-
dent that the majority of subscribers
share this posifion.

However. we respect the interests of
those who for some reason may wish
o have their names resticted from
such use by companies either affiiated
or not affifiated with McGraw-Hill, Inc.

f you wish to delete vour name from
hists we make available 1o other firms,
piease fill in the information requested
below ex&rt}y as it appears on your
mailing label on the cover of this issue,

Or. if you prefer. attach the label itself
to the coupon and retum.
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